A novel thermophilic bacterium, strain Kam1851
T was 63 mol%. 16S rRNA gene sequence analysis showed that strain Kam1851
T belonged to the order Thermoanaerobacterales, but it was not closely related to representatives of any genera with validly published names. The most closely related strains, which had no more than 89.2 % sequence similarity, were members of the genera Ammonifex and Caldanaerobacter. On the basis of its phylogenetic position and novel phenotypic features, isolate Kam1851 T is proposed to represent a novel species in a new genus, Brockia lithotrophica gen. nov., sp. nov.; the type strain of Brockia lithotrophica is Kam1851 T (5DSM 22653 T 5VKM B-2685 T ).
Geothermal areas in Uzon Caldera, Kamchatka, are characterized by a diverse array of thermal springs with a wide range of temperatures and pH values. Apart from cyanobacterial mats with photosynthetic microbial production of organic matter occurring in moderately thermophilic and mesophilic areas, chemolithotrophic inorganic carbon assimilation occurs in the water and sediments of Uzon hot springs and pools. In situ experiments with 14 Clabelled sodium bicarbonate has revealed high rates of primary organic matter production in Uzon hot springs with diverse water temperatures and pH (Bonch-Osmolovskaya et al., 1999; Pimenov & Bonch-Osmolovskaya, 2006) . Chemolithoautotrophic bacteria cultured from Uzon Caldera hot springs were identified as representatives of the phyla Proteobacteria, Thermodesulfobacteria, Aquificae and Firmicutes (Bonch- Osmolovskaya et al., 1990; Miroshnichenko et al., 1998 Miroshnichenko et al., , 2008 Miroshnichenko et al., , 2009 O'Neill et al., 2008) . All these organisms used H 2 as one of several or the sole electron donor, and various oxidized sulfur compounds or O 2 as electron acceptors. Here, we report the isolation and characterization of a novel, extremely thermophilic, anaerobic, lithoautotrophic bacterium from an Uzon Caldera hot spring, which belongs to order Thermoanaerobacterales, phylum Firmicutes, and prefers molecular hydrogen and elemental sulfur as substrates for growth. A basal medium (Perevalova et al., 2005) with 1 ml trace element solution l 21 (Pfennig & Lippert, 1966) was prepared for the enrichment cultures. After boiling, the medium was cooled under N 2 atmosphere and supplemented with 0.5 g Na 2 S . 9H 2 O l 21 as the reducing agent, 10 g S 0 l 21 as the electron acceptor, and 0.5 g NaHCO 3 l
as the carbon source and the buffering agent. pH was adjusted as 6.5 with 6 M HCl. Portions of the medium (10 ml) were dispensed into 50 ml flasks with butyl rubber stoppers; the headspace was filled with 100 % H 2 .
After 5-7 days of incubation at 60 u C, the growth of rodshaped cells was observed. The culture was purified using the dilution-to-extinction technique and the resulting isolate was designated strain Kam1851 T . The cells were thin regular rods of 1.4-3.0 mm in length and 0.3-0.5 mm in width and appeared singly or in pairs (Fig. 1) . Electron microscopy (Bonch- Osmolovskaya et al., 1990) indicated that cells of the novel isolate had peritrichous flagellation (Fig. 1a) and a cell wall typical of Gram-positive bacteria (Fig. 1b) .
Strain Kam1851
T grew well, utilizing molecular hydrogen and elemental sulfur as energy substrate and electron acceptor, respectively; this donor/acceptor pair was therefore chosen for further growth experiments. The organism grew on the pre-reduced medium only and turned out to be thermophilic and neutrophilic, growing in the temperature range 46-78 u C, with optimum growth at 60-65 u C, and in the pH range 5.5-8.5, with optimum growth at pH 6.5. No growth was observed at 37 u C or 80 u C and at pH 4.8 or 8.9.
The final cell yield of strain Kam1851
T on mineral medium with molecular hydrogen and elemental sulfur, under optimal growth conditions was 7.5610 7 cells ml
21
, with a doubling time of 6.0 h. The final product of anaerobic respiration (Trüper & Schlegel, 1964) was H 2 S. Other electron donors tested for the ability to support growth of strain Kam1851
T were formate, ammonium, acetate, methanol and pyruvate (all at 10 mM), and glucose, fructose, maltose, sucrose, cellobiose, lactate, yeast extract and peptone (all at 2 g l
). The electron acceptors tested were sulfur, sulfite, thiosulfate, sulfate, polysulfide and nitrate (all at 10 mM). Only hydrogen and formate as electron donors and sulfur, thiosulfate and polysulfide as electron acceptors were used for growth by strain Kam1851 T . Yeast extract neither stimulated the growth of strain Kam1851
T nor was required for it. The strain was not able to ferment glucose, fructose, maltose, sucrose, cellobiose, pyruvate, yeast extract or peptone (all at 2 g l 21 ) ( Table 1) .
Extraction of cellular lipids from cells grown on sulfur and hydrogen under optimal conditions followed the procedure of Zhang and colleagues (Zhang et al., 2003) . Briefly, freeze-dried biomass was extracted by a single-phase organic solvent system consisting of chloroform, methanol, phosphate buffer (pH 7.4; 1 : 2 : 0.8 by vol.) (White et al., 1979) . The extracted lipids were fractionated by column chromatography on silica gel by using chloroform, acetone and methanol (Guckert et al., 1985) . The polar lipids were treated using mild alkaline methanolysis to produce fatty acid methyl esters, which were analysed by GC-MS (Zhang et al., 2003) . GC-MS analysis was performed by using a Hewlett Packard 6890 GC coupled to a Hewlett Packard 5973 mass selective detector. Fatty acid methyl esters were identified based on comparison with spectra that were obtained from standards. Thirteen fatty acids in the range C 14 -C 20 were detected. The fatty acid composition was (%): C 16 : 0 , 34.2; iso-C 16 : 0 , 18.0; iso-C 17 : 0 , 11.1; anteiso-C 17 : 0 , 6.3; C 17 : 0 , 2.9; C 18 : 0 , 12.8; C 18 : 1 , 6.0; C 18 : 1 v7t, 2.3; and C 14 : 0 , C 15 : 0 , C 18 : 1 v9t, C 19 : 0 and C 20 : 0 , each less than 2 % (total identified, 1.3 %).
The G+C content of the DNA of strain Kam1851 T was determined by two different methods [the denaturation method of Marmur & Doty (1962) and the fluorimetric method of Gonzalez & Saiz-Jimenez (2002) ] and was found to be 63 mol%. 16S rRNA genes were amplified by PCR using the primers Eubac27F (59-AGAGTTTGATCC-TGGCTCAG-39) as the forward primer (DeLong, 1992) and the universal primer traditionally called S-D-Bact-1492-a-A-21 (59-TACGGYTACCTTGTTACGACTT-39) as the reverse primer (Alm et al., 1996) . PCR products were sequenced using a Big Dye Terminator v.3.1 kit on an automatic ABI 3730 sequencer according to the manufacturer's protocol (Applied Biosystems). The sequence was identified using EzTaxon server (Kim et al., 2012) and it had less than 89.2 % similarity with distantly related strains of type species of the phylum Firmicutes. The most closely related strains based on 16S rRNA gene sequences were Ammonifex thiophilus SR T (89.2 %), Caldanaerobacter subterraneus subsp. pacificus DSM 12653 T (88.9 %), Ammonifex degensii KC4 T (88.8 %) and Caldanaerobacter subterraneus subsp. yonseiensis KB-1 T (88.6 %). Moreover, an NCBI BLAST search (Altschul et al., 1990 ; MEGABLAST, standard parameters) did not reveal any member of a 
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species or environmental clone with a level of identity higher than that of A. thiophilus SR T . 16S rRNA gene sequence-based phylogenetic trees were constructed using neighbour-joining and maximum-likelihood methods in the MEGA5 package (Tamura et al., 2011) . Both trees have analogous branching structures and placed the novel isolate near the cluster of Ammonifex species, within the family Thermoanaerobacteraceae (Fig. 2) .
The family Thermoanaerobacteraceae currently contains eight genera of thermophilic anaerobic species (Wiegel, 2009 ). Desulfovirgula (Kaksonen et al., 2007) seems to be the ninth genus of the family according to its phylogenetic position and phenotypic features. The majority of members of this family Thermoanaerobacteraceae get energy by fermentation of various sugars; however, some of them can also obtain energy for growth via acetogenesis or hydrogenogenic CO oxidation (Sokolova et al., 2009) . Thermoanaerobacteraceae representatives Desulfovirgula thermocuniculi (Kaksonen et al., 2007) and Ammonifex thiophilus (Miroshnichenko et al., 2008) are the only known members of Firmicutes capable of lithotrophic (Miroshnichenko et al., 2008) ; 3, Ammonifex degensii KC4 T (Huber et al., 1996; Huber, 2009 ); 4, Desulfovirgula thermocuniculi RL80JIV T (Kaksonen et al., 2007) ; 5, Thermanaeromonas toyohensis ToBE T (Mori et al., 2002 Brockia lithotrophica gen. nov., sp. nov. sulfur reduction; both are also capable of dissimilatory sulfate reduction (Table 1) . Moreover, A. thiophilus was unable to ferment any substrates tested. Our novel isolate resembles A. thiophilus in its inability for fermentative growth and the spectrum of electron donors and acceptors used, with the exception of a capacity for dissimilatory sulfate reduction. However, the phylogenetic distance between these two organisms does not allow for them to be assigned to the same genus. Based on the phylogenetic position of Kam1851 T , its high DNA G+C content and novel phenotypic features such as the absence of dissimilatory sulfate reduction, Kam1851
T is proposed as the type strain of a novel species in a new genus, Brockia lithotrophica gen. nov., sp. nov. Cells are thin regular rods of 1.5-3.0 mm in length and 0.3-0.4 mm in width, appearing singly or in pairs. Strictly anaerobic. Growth occurs at 46-78 u C, with optimum growth at 60-65 u C; the pH range for growth is 5.5-8.5, with an optimum at pH 6.5. Grows chemolithoautotrophically on molecular hydrogen and elemental sulfur with formation of H 2 S. A further electron donor is formate. Thiosulfate and polysulfide are also used as electron acceptors. T within the family Thermoanaerobacteriaceae. The evolutionary history was inferred by using the neighbour-joining method (Saitou & Nei, 1987) . The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (Felsenstein, 1985) are shown next to the branches (10 000 replicates). Branches corresponding to partitions reproduced in less than 50 % of bootstrap replicates are collapsed. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the maximum composite likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per site. The analysis involved 37 nt sequences. All positions containing gaps and missing data were eliminated. There were a total of 1194 positions in the final dataset. Evolutionary analyses were conducted in MEGA5 (Tamura et al., 2011) . Bar, 1 nt substitution per 100 nt. Natranaerobius thermophilus JW/NM-WN-LF T (5DSM 18059 T ; GenBank number CP001034) was chosen as the outgroup.

